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international markets. Distillers' grains can also be fed “wet” to livestock, but distribution is limited by 
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Chapter 4:  Corn Ethanol Processing Technology, Cost of Production, and   
                    Profitability  
 
Paul Gallagher 
 
 
The typical corn ethanol processing facility is a dry mill.  Dry mills grind dry corn to produce 
ethanol and a composite coproduct called distillers’ grains, which consists of the residual corn 
components after starch is removed for ethanol production.  The size of dry mills constructed 
during the last 15 years has increased from about 15 million gallons per year (MGY) to 40-100 
MGY.  The baseline processing plant in this section uses natural gas for distillation and drying 
distillers' grains, and purchased electricity powers the plant.  A plant that dries distillers' grains 
can move the product by truck, rail, barge, or ship to international markets.  Distillers' grains can 
also be fed “wet” to livestock, but distribution is limited by transportation costs. The estimated 
costs of production for a typical plant in May 2015 are shown in Table 4.1.  A total of $1.30 per 
gallon was sufficient to recover total production costs.   
 
Table 4.1.  Ethanol production cost with major components, May 2015 basis, dollars/gallon 
Net corn cost    0.703 
Cash operating costs:   0.375 
      Natural gas   0.165         
      Electricity               0.041         
      Non-energy1   0.169 
Annualized capital cost2          0.220   
 
Total cost               1.298 
 
1Includes materials, maintenance, labor, and administrative costs. 
2The annual payment required for paying a 15-year mortgage at 11 percent interest and a plant capital cost of $1.58 
  per gallon of capacity. 
 
A time series of ethanol cost components is shown in Figure 4.1.  Most of the annual variation in 
total costs is attributable to net corn costs (corn cost minus coproduct revenue), especially the 
cost escalation that began in 2006.  Other costs have declined slightly, from $0.62 per gallon in 
1990 to $0.60 per gallon in 2015, despite nearly three decades of general inflation throughout the 
U.S. economy.  A $0.35/gallon estimate approximates the cost-reducing benefits from increases 
in automation, labor efficiency, energy savings, enzyme improvements, and economies of scale 
(Gallagher et al., 2007).  From 1994 to about 2006, total production cost ranged between $1.00 
and $1.25 per gallon. Since then, production costs drifted upwards, reflecting mainly increasing 
net corn costs.   
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Data for the ethanol costs series combine surveys and engineering cost estimates.  Three surveys 
give benchmarks for input use, operating cost, and plant construction cost during the 1987-2008 
period (Shapouri et al 2000, Shapouri and Gallagher, 2005; Shapouri et al 2010).  Survey 
benchmarks are then adjusted for changing input energy prices and financial market conditions.  
From 2013, cost estimates for non-energy operating costs and capital costs are taken from an 
engineering cost estimate (McAloon). The engineering cost estimate, calculated in July, is $0.13 
per gallon less than the estimate for July 2013 given in figure 4.1—the differences are reconciled 
entirely by net corn costs ($0.10/gallon) and plant capital costs ($0.03/gallon) due to a higher 
investment risk premium.  
 
There are several modifications of the basic ethanol plant configuration that can improve energy 
balance, enhance the global warming profile, or reduce costs if they fit the plants’ situation.  
First, ethanol processing plants that are 30 miles or less from a cattle population can transport the 
distillers' grains wet and save substantial corn drying costs.  According to a recent survey, drying 
distillers' grains requires 12,936 British thermal units (Btu) per gallon of natural gas and 0.155 
kilowatt hours (kWh)/gallon of electricity (Shapouri and Gallagher).  So the cost of a gallon of 
ethanol could be reduced by $0.066/gal if the distillers' grains are not dried.  A comparison of 
costs and returns for drying distillers' grains, based on recent Iowa prices, suggests that net 
revenue is higher without drying, but wet distiller grains are sold at a discount, so not drying 
results in a net saving of $0.041/gallon. 
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 Figure 4.1.  Ethanol cost of production, 1/1990 to 1/2015 
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Second, most plants today are also offsetting costs by installing equipment to remove the corn oil 
fraction from the dry distillers' grains, and then using the low-grade corn oil to heat the ethanol 
plant or sell it as feedstock for biodiesel production.  Estimates suggest that a cost reduction of 
$0.04/gallon can be achieved with the quick-germ process.  Third, many firms arrange to buy 
new high-starch corn varieties that can increase ethanol yield above the industry average.  
Estimates suggest that processor cost can be reduced by $0.13/gallon as ethanol yields increase 
and yields of dry distillers' grains decrease, but those advantages could be offset by increased 
seed costs (Gallagher, 2009, p. 25).  Fourth, some firms are using biomass power to improve 
energy balance and their global warming profile (Gallagher and Shapouri, 2009).  
 
 
Processing Margins and Profitability 
 
The ethanol processing margin defines a composite market price for processing one unit of corn.  
It consists of ethanol and distillers' grains revenues per unit of corn processed, less the corn input 
price.   Margins should, under most conditions, signal an expansion of production when they are 
high and a contraction of production when low.  When compared to non-corn operating costs and 
plant capital costs, the processing margin provides a good summary measure of ethanol plant 
operating economics (Gallagher et al., 2007).  Plant closure is indicated when the gross margin 
falls below variable operating costs.  Plant capacity expansion is a possibility when the 
processing margin exceeds the sum of variable operating costs and the annual payment on a 
mortgage for the capital purchase of one unit of capacity and is expected to remain favorable 
over a period to repay debt.  In fact, regressions between processing capacity and processing 
margin are statistically significant (Gallagher and Shapouri, 2009).   
 
Figure 4.2 shows the margins and cost estimates, marking the main profitability and loss 
episodes in the ethanol industry since 1990.  Margins are ethanol revenues plus dry distillers' 
grains revenues less corn costs.  Margins were mostly positive in the early 1990s, but starting in 
the mid-1990s, there was a 3-year period when many plants shut down, or operated at a level just 
covering cash operating costs.  This period coincides with petroleum prices of $15 per barrel.  
Margins remained low during most of 1998 and 1999. 
 
The effects from the beleaguered methyl tertiary butyl ether (MTBE) market began to have a 
positive influence on ethanol margins in 2000.  There was a 2-year period of strong margins that 
were considerably above total costs, signaling capacity expansion. The strong margins occurred 
as MTBE was losing market share to ethanol, effectively doubling ethanol’s market in meeting 
the oxygen demand for reformulated gasoline (Gallagher, et al., 2003). Capacity expanded and 
margins fell back to the point where fixed and variable costs were just covered by 2002—there 
was no investment signal during the 2002-2004 period.   
 
The next major move occurred in the 2004-2006 period when exceptionally strong margins 
indicated a capital payback period of only 1-3 years, likely due to escalating petroleum fuel and 
ethanol prices and the renewable fuel standard that initially increased ethanol demand beyond 
fixed processing capacity.  After processing capacity began expanding to meet growing ethanol 
demand during the 2008-12 period, processing margins fell back to earlier levels, moderately 
above total costs.  The margin decline was likely caused by expanding demand for corn ethanol  
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and increasing corn prices.  Throughout most of 2013, corn prices remained high due to the 
combined effects of drought and a steadily expanding RFS, squeezing the profitability out of 
continued high ethanol prices.  However, with a record harvest for the 2013 corn crop and the 
leveling off the RFS volume requirements for corn ethanol, corn prices began to drop in the fall 
of 2013.  Another record corn crop in 2014 continued to put downward pressure on corn prices, 
further reducing corn costs for ethanol producers.  Margins improved to the $2/bu to $3/bu range 
during 2014 and the beginning of 2015.  
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Figure 4.2.  Corn processing margin and costs for dry mills, 1/1990 thru 5/2015 
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